human resources. Ideally, such organizational change efforts also can reduce health care costs. Currently, research into the efficiency gains from CRM focuses on unit-specific outcomes because CRM is typically implemented in certain units within health care facilities, such as intensive care units or perioperative units. 5, 14 There is no published research on the return on investment (ROI) for this type of training program when implemented across all units of a large health system. This study aimed to evaluate the costs and ROI of implementing a CRM program across an academic medical center (AMC) and to improve understanding about the financial impact of this culture change initiative in the context of health care delivery. The 4 specific aims of this study were to (1) assess the costs of CRM implementation, (2) calculate the change in avoidable adverse events since CRM implementation, (3) estimate health system savings related to reductions in adverse events, and (4) calculate the overall ROI for the CRM program.
Methods

Setting
Ohio State University Wexner Medical Center (OSUWMC) is a large, tertiary care AMC spanning 6 hospitals and 2 campuses. OSUWMC is a major referral center for patients throughout Ohio and the Midwest, caring for more than 1.5 million people each year and employing roughly 10 000 individuals. OSUWMC serves all populations and patients, with Medicaid and underserved populations accounting for approximately 25% of the patient mix.
In 2009, the health system hosted an external evaluation team composed of leaders in the field. The review was generally positive and the experts suggested that the study institution could get to the "next level" of patient safety and quality through a concerted, systematic focus on this topic. In response to this recommendation, in 2010 OSUWMC created the position of chief quality and patient safety officer. The first author filled this position, and her first initiative was to implement CRM system wide in conjunction with leadership from the chief medical officer and the chief executive officer for OSUWMC. The goal was to avoid layering quality improvement interventions, and instead create a structure for continuous quality improvement across the health system.
CRM Implementation
OSUWMC established a partnership with LifeWings Partners LLC in April 2010 to provide CRM training. The team of consultants included Air Force and Naval aviators, astronauts, and professional pilots. In May and June 2010, LifeWings conducted observations in several units across the health system to assess measures of collaboration and standardization. Over the next month, an implementation plan was created based on the following 3 major data components: (1) engagement and readiness, (2) staff and patient satisfaction, and (3) safety event and culture of safety climate data. The implementation plan provided a department-level prioritization map. Based on this prioritization, health system perioperative services was identified as the first area to receive CRM training. A steering committee consisting of hospital medical and nursing leadership was appointed at the inception of this program and continues to meet monthly to monitor progress.
In August and September 2010, executive and senior leadership, board members, and perioperative departmental leadership attended the same 4-hour CRM training that all perioperative physicians and staff would subsequently attend. In addition, the leadership group participated in a 2-day CRM Leadership Development Institute (LDI) program. The LDI included key leaders such as the chief executive officer, chief financial officer, dean, chief medical officer, and chief quality officer, as well as department chairs and division heads. This program provided a blueprint for CRM implementation success and included not only the core curriculum but also direction about how to address difficult questions, handle opposition, and ultimately set the "burning platform" for culture transformation.
After leaders were trained, physicians and staff from the first of 6 perioperative areas began LifeWings-facilitated CRM training in November and December 2010. During the course of these 2 months, LifeWings also worked with OSUWMC to initiate a train-the-trainer program. Through an interview and selection process, OSUWMC was able to successfully develop an internal team of CRM facilitators, observational risk assessors, and CRM tool builders. The CRM facilitators had to pass a competency-based test in training teams with the prescribed curriculum, whereas the risk assessors and CRM tool builders were team members from the areas undergoing the training. By April of 2011, OSUWMC was able to internalize all aspects of the CRM training and implementation process so that it was able to independently deliver CRM training and adopt CRM as a sustainable organizational strategy.
Since its initial launch in perioperative areas, CRM has been rolled out sequentially to other areas of the AMC, with training tailored to particular departmental needs. As of March 2015, more than 4500 staff have been trained since the fall of 2010. And because culture change is a continuous and long-term process, OSUWMC has incorporated refresher training that is offered every 2 years after the initial training. This comprehensive approach to CRM training helps maintain organizational focus on improving safety practices and reinforces the mind-set of providing care that is both high quality and patient centric.
CRM Training and Tools
The main elements of CRM training as implemented at OSUWMC included a staff and administrative training program, the implementation of safety tools, and an internal monitoring process. The training consisted of role playing around conflict management, and tools to promote professional and respectful cross-checking and use of assertive statements. The training was tailored to OSUWMC to include checklists developed by frontline teams.
CRM safety tools (eg, checklists, standard protocols, communication scripts) implemented at OSUWMC were developed during a day-long retreat involving team members from the areas undergoing the training. The tools had to meet set criteria as established by LifeWings and had to be agreed on by the area leadership. In some instances, tools were borrowed from areas that had already gone through the training and modified to suit the new area.
Implementation of the internal monitoring process involved training internal facilitators who were nurses, doctors, and staff from the AMC, risk assessors (team members from the areas undergoing the training), and the Steering Committee to monitor adoption and compliant use of the safety tools as well as the occurrence of avoidable events both in specific units and across the institution.
Analysis of CRM Implementation Cost and ROI
A retrospective analysis of the cost of CRM implementation was conducted that included the costs associated with training, programmatic fixed costs (salaries for program staff and data analysis), personnel time costs related to the need for staff to be away from work for training, and costs associated with leadership time involved in CRM implementation. In addition, cost savings associated with the reduction in avoidable adverse events were estimated. Fiscal year 2010 served as the baseline year prior to CRM implementation. Savings were estimated based on key elements of the System Quality and Safety Scorecard-developed by OSUWMC to standardize reporting categories for adverse events (see Table 1 for a list of elements); the first year was used as the baseline for the number of avoidable errors in each category. The difference between the predicted 3-year total at baseline and the actual 3-year total was calculated, and this difference was multiplied by the estimated cost per event.
To obtain cost estimates for patient safety events, the researchers reviewed current literature and then adjusted amounts to 2013 dollars using the Consumer Price Index for Urban Customers. Table 1 presents the high and low estimates for each of the System Quality and Safety Scorecard categories. [15] [16] [17] [18] Severe Injury Falls has only one cost estimate, calculated by the American Hospital Association, because there is no debate in the literature on the costs associated with this event type.
Results
Costs of CRM Implementation
Over the 4-year period between July 2009 and July 2013, OSUWMC trained roughly 3600 health system employees across 12 areas at a cost of $3 557 000. This total cost includes the one-time CRM implementation cost of $2 443 000, and the one-year program expense of $1 114 000 to maintain the CRM program and provide continued training. Table 2 presents a breakdown of implementation costs and ongoing annual expenses associated with the CRM program.
Changes in Avoidable Adverse Events
Across the 3-year study period the number of discharges remained constant at almost 60 000. A comparison between the actual and expected numbers of avoidable adverse events in total and by category is presented in Table 3 . It was found that over the 3-year implementation period, there were fewer events than expected in every category except that of hospital-acquired Clostridium difficile infections (HA-CDI). There were more than 200 fewer adverse events than expected in the categories of medication events with harm (ME w/ Harm), central lineassociated bloodstream infections (CLABSIs), and ventilator-associated pneumonias (VAP). Across categories, the total number of avoidable events during the baseline year (July 2009 through August 2010) was 955. These data were then extrapolated to estimate the number of avoidable events expected over the next 3 years. This 3-year expected total was estimated to be 2865 avoidable events. However, the observed 3-year total was 2130 avoidable events. This represented a 25.7% reduction in observed relative to expected events.
Estimates of Hospital Savings From Reduction in Avoidable Events
Using cost data described in Table 1 , the researchers conducted sensitivity analyses and calculated both conservative and maximum cost savings estimates associated with CRM program implementation, estimating totals for each adverse event category ( Table 4 ). The estimated potential savings from reducing avoidable events during 3 years of the CRM program ranged from a conservative $12 648 144 to the more substantial maximum estimate of $28 005 074.
ROI From the CRM Program
Combining ongoing costs (ie, $3 557 000) and savings estimates, the researchers calculated the ROI associated with the CRM program over 3 years, again using sensitivity analysis to consider the range of returns possible. Conservatively, it was estimated that the ROI for the CRM program was $9 091 000 across the 3 years. A maximum ROI for the program was estimated to be $24 448 074.
Discussion
The purpose of this study was to evaluate the ROI for a health system-wide implementation of CRM. The cost of the program was $2 443 000 during the 3-year implementation phase, with ongoing yearly expenses of $1 114 000-including training costs, programmatic fixed costs, personnel time away from work, and leadership salaries. During the 3 years studied, there were 735 fewer events of avoidable patient harm across the AMC than predicted at baseline, saving between $12.6 million and $28.0 million for the organization. The estimated range of ROI was thus between $9.1 million and $24.4 million. Among the 735 fewer patient harm events, the most sizable reductions were for ME w/harm, CLABSI, and VAP. These improvements were not surprising given that the prevention of events is amenable to checklists, a focus of CRM training. In addition, these conditions also are most prevalent in perioperative units, and these were the first units to receive CRM training during the implementation period. As a result, those units that had the most to gain from CRM training indeed saw the greatest benefit. In contrast, because the process of CDI prevention is not as amenable to clinical checklists, it is not surprising that the rate of HA-CDI did not fall during the study period. For these avoidable events, focusing on the cleaning and disinfecting of equipment and the environment is in the purview of hospitality services, and questions still remain about the efficacy of water versus alcohol hand hygiene, as well as about other elements of prevention. 19 This article contributes to a growing body of research indicating that team trainings that optimize the communication, collaboration, and coordination of health care teams, such as CRM, are associated with positive unit performance on commonly reported quality metrics. 14 This link is important because of increasing pressure on hospitals and health systems to report on a growing number of quality and safety reporting metrics. 20 The ROI estimated in this study represents a significant savings to the medical center, and this money can be used to reinvest in CRM efforts and related patient safety and quality improvement strategies.
Further research is needed to explore the long-term effect of CRM on a health care organization's patient safety culture and team environment, including exploration of how frequently tailored supplemental training is needed to reinforce and expand on the positive initial impact evident in the present analysis. Additionally, future studies could evaluate the impact of continued CRM implementation on the long-term ROI for a health system. Assessing these questions in a rigorous manner that permits generalization across contexts will require that other health systems implement CRM organization wide. Meanwhile, the researchers will continue to study the impacts of CRM at their institution.
Limitations
This study is subject to several limitations. First, only one year of baseline data were included because the System Quality and Safety Scorecard was developed by the study institution in fiscal year 2009 for use the following fiscal year. Reporting categories were not standardized prior to the introduction of this scorecard. The researchers recognize that there is the potential for yearto-year variability in adverse events; however, the dramatic reduction across reporting categories provides support for the study findings. Second, because this was a retrospective analysis, it was impossible to determine if CRM directly caused a decrease in avoidable adverse This number is the difference between the actual total and the predicted 3-year total based on the baseline event rates. b The conservative and maximum costs were derived from the lowest and highest estimates in the published literature.
events as no randomized control group was established. Although the researchers endeavored to account for all notable changes in service and care delivery during the reporting period, they were unable to control for potential confounding variables in the AMC environment such as number of hours worked and staff changes, or other educational or skill set improvement initiatives that were not part of the CRM project. Additionally, because this study was a retrospective analysis of an ongoing program, it is not yet possible to calculate the final savings, costs, and ROI, and the researchers were limited in the ability to estimate the true costs of CRM implementation. Cost estimates were used that blended information from different studies as well as national estimates. However, these costs were all estimated based on dollars from different years and adjusted to 2013 dollars. Thus, these costs are only an approximation of the savings for the current period. Finally, it should be noted that such a comprehensive implementation approach may not be feasible in all settings. OSUWMC is a large AMC with resources that can support the implementation of interventions in multiple areas concurrently, and the researchers were able to take advantage of this opportunity to conduct this study.
Conclusions
This study, the first to explore the ROI of a health system-wide CRM implementation, found a substantial savings of between $9.1 million and $24.4 million that could be attributed to the program. As the medical field shifts to a value-based reimbursement model with determined metrics for success, this type of ROI calculation is becoming more critical. Measuring the financial impact that quality and safety improvement programs have on hospitals and medical systems can provide further evidence that implementation is not only good for patients, but for medical centers as a whole. These findings showing measurable outcomes and tangible returns should be shared with care providers, administrators, and hospital staff to harness support for future and additional programs that aim to create a truly safety-centered patient environment and deliver more efficient care. Ultimately, considering the positive ROI and given both the reduction in avoidable patient safety events and the financial savings, the researchers conclude that health systemwide CRM implementation may indeed be worthy of investment.
